Network externalities are playing an increasingly important role in the economy, with significant implications for marketing strategies of firms. We study the effects of network externalities, in conjunction with other product and firm characteristics, on the survival of pioneers. We apply an accelerated failure time model to data on forty-five office products and consumer durables. We find evidence that network externalities have a negative main effect on the survival duration of pioneers. However, for more radical products, and for technologically intense products, increases in network externalities are associated with increased survival duration. The larger the pioneer, the more network externalities increase its survival duration, while incumbent pioneers see a decrease in survival duration relative to non-incumbents. The findings of this paper contribute to theory in marketing strategy and have important implications for firms developing market entry strategies for products with network externalities.
Third, past research on the survival of pioneers provides mixed results. Across 36 product categories, Golder and Tellis (1993) report a long-term survival rate for pioneers of 53%. Whitten (1979) reports that pioneers in seven cigarette markets survived. Several studies report no difference in survival rates between pioneers and later entrants: 18 markets for Iowa newspapers (Glazer 1985) , 39 markets for chemical products (Lieberman 1989 ) and 11 markets for consumer non-durables (Sullivan 1992) . In contrast, Mitchell (1991) and Christensen, Suarez and Utterback (1998) find lower survival rates for pioneers in the medical diagnostic imaging and rigid disk drive industries respectively. Kalyanaram, Robinson & Urban (1995; p. G218) suggest an emerging empirical generalization "that order of market entry is not related to longterm survival rates," with the caveat that more research is needed to clarify the issue (p. G219).
In this paper, we address the following two questions: (1) how do network externalities influence the survival duration of pioneers (Main effect)? (2) what factors moderate the effects of network externalities on the survival duration of pioneers (Moderating effects)? We develop a model of pioneer survival duration that incorporates the main effect of network externalities, the moderating effects of two product characteristics (radicalness of innovation and technological intensity), and two firm characteristics (size of the pioneering firm and its incumbency with respect to a previous generation of the product) on the effects of network externalities on the survival duration of pioneers. We estimate our model using data on forty-five office and consumer durables products using an Accelerated Failure Time (AFT) specification (Cox and Oakes 1984; Kalbfleisch and Prentice 1980) . Our results indicate that (1) survival duration of pioneers decreases as the network externalities of a product increase; (2) radicalness of the innovation and technological intensity moderate the effect of network externalities to increase the survival duration of pioneers; and (3) firm size and incumbency moderate the effect of network externalities to increase and decrease the survival duration of pioneers respectively. The paper is organized as follows. In the next section, we define network externalities and present our conceptual arguments. We then describe the data collection and model estimation procedures, and the results of our empirical analysis. We conclude by discussing the implications of our results for marketing theory and practice, summarizing the limitations of our work and identifying directions for further research.
CONCEPTUAL DEVELOPMENT
Characteristics of the product and of the pioneering firm influence the rewards to pioneering in a complex manner, involving several possible contingencies (Kalyanaram, Robinson and Urban 1995; Lieberman and Montgomery 1998) . Based on past research on organizational innovation, we consider both product and organizational factors as moderators of the effect of network externalities on the duration of pioneer survival. We include two product factors: radicalness of innovation (Chandy and Tellis 2000) and technological intensity (Agarwal 1996) and two organizational factors: firm size (Audretsch 1995) and incumbency (Henderson 1993; Mitchell 1991) . The literature on network externalities provides conflicting indications about the main effects of network externalities and the moderating effects of product and firm characteristics on the effect of network externalities on pioneer survival. Hence, we present arguments both for positive and negative effects of product and firm characteristics on pioneer survival, and characterize those effects as P1p, representing the positive form of the proposition, and as P1n representing its negative form. See Armstrong, Brodie and Parsons (2001) and Bettman, Capon and Lutz (1975) for such an approach for theory development in the presence of opposing arguments.
Definitions
When the utility of a product to each user in a network depends on the number of users, the product exhibits direct network externalities (Katz and Shapiro 1986) . For example, the utility of a fax machine is nil if no one else has one. As the number of people (n) who own fax machines increases, the utility of the fax machine to each user increases in proportion to the number of possible two-way connections, n (n-1). Indirect or complementary network externalities arise when there is a positive link between the utility to a customer and the number of other users of the product because of complementary products (Katz and Shapiro 1986) .
Increases in the number of users of the focal hardware product increases the availability of complementary products-which, in turn, increases the utility that customers derive from the focal product. Videocassette recorders, compact disc players, MP3 players, and DVD players exhibit indirect network externalities.
ii Consistent with past research (Golder and Tellis 1993; Urban et al. 1986) iii , we define a pioneer as the first firm to commercialize a new product. We focus on the pioneer's survival in the product market it pioneered and measure its survival at time t based on whether the pioneer still maintained a presence in the product market.
Effects of Network Externalities on Survival Duration
The extant literature suggests opposing effects of network externalities on pioneer survival, which we describe next.
Positive effects of network externalities. Given the important role of the installed base for products with network externalities, the pioneer's product may achieve market power through positive feedback (Arthur 1994) . A large installed base attracts more developers of complementary and compatible products, thereby enhancing the utility of the pioneer's product and speeding adoption (Choi 1994) . Adopters invest in learning to use the product (e.g., videogames, software) and/or in complementary products (e.g., CD music titles for CD-audio players) resulting in lock-in preventing defections to offerings of later entrants (Shapiro and Varian 1998) . In addition, products with network externalities are sometimes characterized by a standard (e.g., CD-audio standard). The emergence of a standard reduces uncertainty about the eventual size of the network, thereby inducing earlier adoption by customers (Chakravarti and Xie 2002) and spurring the development of complementary products. Hence, the pioneer may be able to set the standard and draw customers to its network resulting in long-term survival. Thus:
The greater the network externalities of a product, the longer the survival duration of the pioneer of the product (P1p).
Negative effects of network externalities. Other aspects of network externalities suggest negative effects. First, some innovations (e.g., communication devices) initially diffuse slowly because of uncertainties associated with their potential utility when few adopters exist (Rogers 1995) . Prospective customers may adopt a "wait-and-see" attitude, delaying adoption until uncertainties are reduced so that the market exhibits "excess inertia" (Farrell and Saloner 1986 ).
This excess inertia also exists in products with indirect network externalities. Hardware firms want complementors to offer a wide selection of software, but complementors wait until the new hardware has achieved significant market penetration before committing to the hardware platform. Gupta, Jain and Sawhney (1999) investigate this "chicken-and-egg" coordination problem between producers of hardware and software in the digital television market. Goldenberg, Libai, and Muller (2002b) 's study of adoption of fax machines shows that network externalities slow the growth of fax machines, revealing a "hockey-stick" pattern of slow growth over a long period followed by rapid takeoff. The initial slow sales over a long period may provide a window-of-opportunity for later entrants.
Second, because of excess inertia, the pioneer's development costs may outpace its revenue, negatively affecting its short-term performance. Hence the pioneer may curtail its early marketing investments, hurting its long-term survival. As customer expectations become more certain, and complementary goods are developed, later entrants benefit from lower developmental costs because of vicarious learning from the pioneer.
Third, when network externalities are sufficiently strong, as additional customers adopt the product, the marginal customer's utility of adoption increases. This increasing utility of the product to customers allows later entrants to have a greater chance of success relative to the pioneer because of the larger network at their later entry time. Thus: The greater the network externalities of a product, the shorter the survival duration of the pioneer of the product (P1n).
Moderating Effects of Product and Firm Characteristics
We next discuss the moderating effects of two product factors: radicalness of innovation (Chandy and Tellis 2000) and technological intensity (Agarwal 1996) and two organizational factors: firm size (Audretsch 1995; Chandy and Tellis 1998) and incumbency (Henderson 1993; Mitchell 1991) on the effect of network externalities on the survival of pioneers.
Moderating Effect of Radicalness of Product
We follow Chandy and Tellis (1998; 2000) in defining a radical product innovation as one that incorporates a substantially different core technology and provides substantially higher customer benefits than previous products in the market. Further, following Chandy and Tellis (2000) , we treat radical innovation as a continuous construct. There are opposing arguments for how product radicalness can moderate the effect of network externalities on pioneer survival.
Radical products (e.g., instant photography, videodisc) involve new technologies that represent significant technological advances over existing technologies (Levin, Nelson and Winter 1987) . If the pioneering product with network externalities also provides demonstrably superior utility to the consumer, then the product's compelling utility may overcome some of the excess inertia that the pioneering product faces initially. The more radical the product, the wider the window of opportunity the pioneer sees to exploit network externalities in the absence of early competitors. The pioneer can establish a large network, spur the development of complementary goods and increase the utility of its product to customers. Thus: As radicalness of the product increases, the relationship between network externalities and pioneer survival becomes more positive (P2p).
On the other hand, radical products are based on new technologies offering a low initial performance-price ratio (Christensen 1997; Utterback 1994) . The pioneer's product is often refined by later entrants in several iterations of product development into a market-ready form.
The changing product often represents different technology platforms (e.g., transitioning from transistor to solid-state electronics to integrated circuits in computers), destroying the firm's investments in the previous technology (Rosenberg 1994) . In networked markets, the pioneer is faced with a two-pronged marketing challenge that makes it harder to succeed: managing product innovation as the product evolves into a market-ready form, and overcoming excess market inertia in developing the product's network. Thus: As radicalness of the product increases, the relationship between network externalities and pioneer survival becomes more negative (P2n).
Moderating Effect of Technological Intensity of Product
We define technologically intensive products as those with significant depth and breadth of technical and scientific knowledge embedded in their creation and functionality (Capon and Glazer 1987; John, Weiss and Dutta 1999; Rosenberg 1976; . Technological intensity of a product is distinct from its radicalness. For example, the microwave oven is high in radicalness of technology but low on technological intensity (drawing primarily from one technology domain: radar technology) whereas the projection television is low on radicalness but high on technological intensity (drawing from multiple technology domains: audio, optical and computing technologies). Like radicalness, technological intensity may have opposing moderating effects on the effect of network externalities on the survival of pioneers in networked markets, which we describe next.
Higher levels of technological intensity imply greater complexity in product design and commercialization (John, Weiss and Dutta 1999) . Technologically-intensive products often involve interdisciplinary, diverse technologies embedded across firms, industries and users (Iansiti and West 1997) . In such a situation, competitors face serious challenges to ensure that these diverse technologies work together well. As a result, the pioneer may have a window of opportunity to establish an installed base before competitive entry, enabling it to secure its long term survival (Lieberman 1989 Technological intensity of products may also hurt the pioneer's survival in networked markets. Technologically intense products are characterized by rapid changes in the early stages of market development (John, Weiss and Dutta 1999; Utterback 1994) . The pioneer may be stuck with a rudimentary design that is rendered obsolete by later ones. Technologically intense products are also characterized by heterogeneity in adopter cohorts as the market evolves from introduction to maturity (Moore 1991; Rogers 1995) . To appeal to later cohorts, the pioneer must often re-design its product, perhaps relying on disruptive technologies that could make past investments obsolete (Christensen 1997 
Moderating Effect of Size of Pioneer
Two opposing arguments may be made for the moderating effects of firm size on the effect of network externalities on pioneer survival. There is a strong positive relationship between size and survival of firms (Audretsch 1995 On the other hand, a large firm has several layers of staff (Blau and Schoenherr 1971) , which can delay response to new technologies and market opportunities (Kimberly 1976; Tornatzky and Fleischer 1990) . In addition, the structure of large organizations can reduce the incentives for individual innovators (Cohen 1995) . In networked markets, such bureaucratic inertia provides an opportunity for a later entrant to establish a network and attract customers to its network. Thus: As the size of the pioneer increases, the relationship between network externalities and pioneer survival becomes more negative (P4n).
Moderating Effect of Incumbency of Pioneer
Consistent with past research (Chandy and Tellis 2000; Henderson 1993 ; Mitchell 1991),
we define an incumbent as a firm that marketed a product belonging to the previous product generation that satisfied the same customer need. Some aspects of incumbency can aid survival, whereas others can hurt it. Incumbent firms, having marketed products from the preceding generation, have access to assets such as market knowledge, brand equity, and customer relationships (Thomas 1995) . Incumbents are likely to have access to existing customernetworks, which may ensure backward compatibility of the pioneering innovation with the previous generation product, reducing switching costs for potential adopters. These compatibility advantages may also operate with respect to producers of suppliers' and complementary goods.
In networked markets, incumbent pioneers can leverage their existing networks and offer greater utility to customers than non-incumbent pioneers thus securing their long-term survival. Thus:
The relationship between network externalities and pioneer survival is more positive for incumbent pioneers as compared to non-incumbent pioneers (P5p).
Alternatively, incumbents are prone to technological inertia (Foster 1986; Ghemawat 1991) and their efforts in marketing new products are often characterized by under-investment (Henderson 1993) . Hence, incumbent pioneers may be reluctant to make the large investments necessary to support the new technology which may threaten the firm's existing product (Christensen 1997 In sum, our conceptual arguments suggest that there are countervailing forces exerted by network externalities, and the moderating effects of product and firm characteristics, on the effect of network externalities on the survival of pioneers. Table 1 summarizes these arguments. measures, and the model we estimate to investigate the effects of network externalities on pioneer survival.
---- Table 1 and Figure 1 ----
METHOD Data
We used three criteria to collect data for this study. First, to provide the necessary variance in network externalities, we identified two classes of products, namely, office products and consumer durables where the products exhibit varying degrees of network externalities.
These two product classes have been studied in past research on innovation diffusion and pioneering (Chandy and Tellis 2000; Golder and Tellis 1993; 1997; Sultan, Farley and Lehmann 1990 ) which we build on in this paper. Second, we limit our focus to products introduced after World War II, because World War II altered the business environment and the postwar period witnessed the emergence of new technologies (e.g., computing, electronics, and telecommunications) different in scope and character from those (e.g., mechanical, and electromechanical) introduced earlier (Teitelman 1994) . Third, because of our interest in the survival of pioneers and not in the survivability of products, we excluded products that did not take off (e.g., mini-disc players). This criterion is consistent with our focus on the survivability of pioneers in products demonstrated to be viable, substantive and managerially relevant. Based on these three criteria, we identified sixty-three office products and consumer durables.
We used the historical method (Golder 2000) to collect data on the pioneer's time of entry, its survival, the pioneer's characteristics and the technological intensity of the product.
For each product, we obtained information about the pioneer from articles published in scholarly journals, company histories and online business databases. Where possible, we used multiple sources to increase the reliability of our data. We were able to collect reliable information on the product, the dates of pioneering and the survival of pioneers for 45 of the 63 product categories (Table 2 ). The products we study span more than fifty years and include all major innovations in office products and consumer durables in this time period.
Our forty-five products compare favorably in terms of number with those used in recent studies (Chandy and Tellis 2000; Golder and Tellis, 1993; 1997; Sultan, Farley and Lehmann 1990) . In addition, the set of products in this study overlap with 12 of the 16 new (introduced after 1945) consumer durables studied by Golder and Tellis (1997) , 9 of the 10 new durables and office products studied by Golder and Tellis (1993) , and 20 of the 25 new consumer durables and office products studied by Chandy and Tellis (2000) . All the data are from publicly available data sources.
----- Table 2 -----
Measures
Pioneer survival. Our dependent variable is the survival duration of a pioneer in the product market it pioneered, measured in number of years. We used 2001 as the cutoff year for measuring pioneering survival. Since a number of pioneers (n=21) We used two groups of raters to measure the degree of network externalities: (1) Academic experts: twelve professors at nine business schools who are recognized experts on organizational innovation or high technology products or network externalities; and (2) MBA students: a class of 26 MBA students who had recently completed an elective course on High Tech Marketing Strategy. We first provided the raters with a definition of direct and indirect network externalities and then asked them to rate separately the degree of direct and indirect network externalities associated with each product on a 1 (no network externalities) to 7 (very high network externalities) scale. We computed the degree of network externalities for each product from each rater by adding the scores for direct and indirect network externalities. We computed the reliability of the raters by computing reliability coefficients and eliminating raters (3 academic experts and 5 MBAs) with item-to-total correlations below 0.40. The intra-class reliability coefficient (Shrout and Fleiss 1979) for the ratings provided by each group of raters (Academic experts = 0.91; MBAs =0.95) showed that the measures provided by both the retained academic experts and the students are internally consistent. The average measures of degree of network externalities the two groups of raters provided are highly correlated (0.86, p < 0.01). To assess discriminant validity, we followed the procedure suggested by Campbell and Fiske (1959) .
Specifically, we compared the correlations for the network externalities measure across raters (for the same product) with the inter-rater correlations across products (for the same rater), and found the latter correlations to be small (ranging from 0.15 to 0.35).
To bolster our confidence in the ratings measure of network externalities, we also obtained ratings from eight marketing managers and found that the ratings provided by the managers were internally consistent (intra-class reliability coefficient = 0.89) and correlated well with the ratings provided by the academic raters (0.83 p < 0.01). We subsequently used the ratings data from students and managers separately to estimate our model, and, as we find consistent results, we report results based on the data from the academic experts.
Radicalness of product. We used Chandy and Tellis' (2000) radicalness of innovation scale, which has two dimensions: (1) whether a new product incorporates a substantially different core technology (technology radicalness on a scale from 1 to 9), and (2) whether a new product provides substantially higher customer benefits relative to the previous product generation in the category (benefits radicalness on a scale from 1 to 9) and developed a radicalness of innovation measure by adding the two scores. We followed a similar procedure here as we did for network externalities, using both academic and graduate student raters. Our academic raters were ten professors who are experts on organizational innovation (a different group from those used for rating network externalities). Nineteen mid-level engineer executives enrolled in a Masters of Technology Management program at a leading university served as the student raters. We computed the reliability of the raters by computing reliability coefficients and eliminating raters (one academic expert and two graduate students) with item-to-total correlations below 0.40. Our retained academic experts had intra-group reliability ratings of 0.76 and the graduate students had intra-group reliability ratings of 0.84, indicating acceptable internal consistency. As before, the average ratings from the two groups were highly correlated (0.88, p < 0.01). We estimated the model with ratings from both groups of raters, find consistent results, and again report results using data from the academic raters.
Technological intensity of product. We follow Hadlock, Hecker and Gannon (1991) and measure the technological intensity of products using a categorical variable that classifies a product as technical or non-technical based on the ratio of the number of research and development employees to total personnel in the firms in the product category. See Agarwal (1996) and Agarwal and Bayus (2002) for examples of the use of this measure. Of the forty-five products, we classified twenty-eight as technologically intensive.
Size of pioneer. While a firm's size can be measured in several ways, including number of employees, sales volume and total assets, the most common measure used in the innovation literature is the number of employees (Cohen 1995) . Since alternative definitions generally yield similar results (Agarwal 1979) , we measure size by the number of employees of the firm at the time of pioneering and investigate two such measures: the actual number of employees and a dichotomous variable (small-large), split at the median firm size of 100 employees. For publicly traded firms, we obtained the size information from the COMPUSTAT database. For privately held firms, we obtained size information from company directories and news archives. We classified twenty-five of the forty-five firms as small by this method. We estimated the model both with the dichotomous and continuous measure of size and found similar results. We report results using the categorical measure as it is more robust, less subject to the influence of extreme values.
Incumbency of pioneer.
We follow the definition used in past research (Chandy and Tellis 2000; Mitchell 1991; Mitchell and Singh 1993) , and define a pioneer as an incumbent if it also marketed a product belonging to the previous generation of products satisfying the same customer need. We determined the previous product generation for a product using historical methods and academic experts. In six cases, the experts determined that there was no previous product generation satisfying this particular customer need. The third column in Table 2 provides the previous product generation used to determine incumbency of the pioneer. We coded an incumbent pioneer as 1, and a non-incumbent pioneer as 0. Nineteen of the pioneers we studied were incumbents.
MODEL
Pioneer survival times cannot be analyzed by standard regression approaches because such data are typically right-censored, i.e., not all pioneers have failed by the time of the study.
21 of the 45 pioneers continued to be in business in 2001, the cutoff time for our study. We use the accelerated failure time model (AFT), which accommodates right censoring, to investigate the effects of network externalities and the moderation effects of product and firm characteristics on the effect of network externalities on the survival duration of pioneers (Cox and Oakes 1984; Helsen and Schmittlein 1993; Kalbfleisch and Prentice 1980) . We provide an outline of accelerated failure time models in Appendix A, based on which we specify the following estimation equation:
where T i is the number of years firm i has been in existence in the product category as of 2001; X i is the vector of the covariates associated with the pioneering product introduced by firm i. The covariates used in the model are time-invariant and include network externalities, and the moderation effects of the two product and two firm characteristics on the effect of network externalities on pioneer survival, described earlier. If the results indicate a particular sign is significant (say a negative sign for incumbency × network externalities), it means that our data support the corresponding form of the proposition (negative here). For completeness, we also include the main effects of product and firm characteristics as covariates in the model. ε i is an error distribution with an extreme value density function (f(ε i ) ~ exp( )); µ, β, and σ (a scaling factor for the variance of the error term) are parameters to be estimated. In addition, we included the logarithm of the introduction year as a covariate. We also re-estimated the model by including the time of the introduction year as a covariate and obtain similar results. We estimate Equation (1) by maximum likelihood methods implemented in the SAS LIFEREG procedure. Table 2 contains the network externalities ratings and Figure 2 contains the histograms of the network externalities and radicalness ratings for the products in our study. The dispersion of the rating scales for network externalities and radicalness of product suggest that the raters view these two constructs as continuous rather than as dichotomous. While possible values for the network externalities measure range from 2 (no network externalities) to 14 (very high network externalities), the ratings of the products we studied ranged from 3.4 (electric toothbrush) to 12.1 (operating system for personal computers) with a mean of 7.7 and standard deviation of 2.2. The radicalness ratings, with possible scale values from 2 to 18 ranged from 8.9 (electric toothbrush) to 15.3 (photocopiers) with a mean of 12.8 and a standard deviation of 1.4, indicating moderate to substantial innovativeness for the products in the study.
RESULTS

Descriptive Statistics of Products
---- Figure 2 here ----
Performance of Pioneers and Current Market Leaders
Twenty-four (53%) of the forty-five pioneers exited the market by 2001, which compares well with the 50% failure rate for the digital/high-tech products reported by Tellis and Golder (2000; p. 43) . The average survival duration for the pioneers we studied was eleven years. The average market share for the surviving pioneers is 25% and only 18% (n = 8) of the pioneers were leaders in the products they pioneered, with an average market share of 47%. The average market share of 25% for surviving pioneers is much higher in our study than that (8%) obtained
by Tellis and Golder (2001; p. 44) , for digital and high-tech products. We examined the correlations between market shares of all pioneers and the degree of network externalities and found a non-significant negative relationship (ρ = -0.14, ns), whereas we found a positive relationship between the market shares of current market leaders who are not pioneers and degree of network externalities (ρ = 0.30, p < 0.10). When we perform a median split of the network externalities scale, we find that the ten surviving pioneers in the products with high network externalities have a market share of 19% compared to the market share of 31% for the eleven surviving pioneers that introduced products with low network externalities. The average market share for the twenty-four later entrants who are current market leaders is 41% compared to 25% for the surviving pioneers. The average lag in time of entry between the pioneer and the later entrant, current market leaders is eight years. In sum, an aggregate level analysis of the data suggests that there is a negative effect of network externalities on the performance of pioneers and later entrants are not disadvantaged relative to pioneers either in terms of survival duration or market share.
Model Estimation Results
We are interested in determining whether the base hazard rate (i.e., the instantaneous probability that the pioneer will fail at time t) is constant, increasing, or decreasing with time, so that we can investigate a pioneer's risk of failure over time. We considered alternative base hazard functions including the Exponential, Gamma, Lognormal, Log-logistic, and Weibull that are admitted within the AFT method, and used a multi-step approach to determine the distribution that best represents the survival times of pioneers in networked markets. We are unable to estimate the Gamma model with our data due to convergence problems, partly because of the small sample size. However, the Gamma model often displays convergence problems, and even if it is estimable, it is difficult to judge the shape of the hazard function from the estimated parameters (Allison 1995; p. 74) . We first estimated the exponential model which assumes a constant hazard rate (a special case of the Weibull model, with scale parameter set to 1), and found this model can be rejected (p < 0.001). Therefore, we estimated the model in equation (1) using three distribution functions-Lognormal, Log-logistic, and Weibull-that accommodate a changing hazard rate, with the results reported in columns 1, 2 and 3 of ---- Table 3 ----
The model χ 2 statistic is significant (χ 2 = 24.74, df =10, p < .01) and the scale parameter of the model is 0.62, indicating the hazard rate for pioneer survival decreases over time, i.e., the longer the pioneer has survived, the greater its chances of continued survival. Our results indicate that network externalities have a negative effect on the survival duration of pioneers (b = -2.38, p < .01), suggesting that the higher the level of network externalities the shorter the survival duration of the pioneer (supporting P1n). Both for more radical products (b = 0.14, p < 0.01) and for more technologically intensive products (b = 0.42, p < .05), network externalities increase the survival duration of pioneers (supporting P2p and P3p). For larger firms, network externalities increase survival duration (b = 0.89, p < .01, supporting P4p) whereas for incumbent pioneers, network externalities decrease survival duration (b = -1.03, p < .01, supporting P5n). We also have a number of un-hypothesized main effects for radicalness of innovation, technological intensity, size and incumbency in our model. firm's base business found similar effect sizes (b = 1.78) for the expansion effect. Note that the coefficient value is a statistical estimate, and if we consider its 95% confidence interval (i.e., -0.75 to -4.01), the corresponding change in survival duration ranges from -53% to -98%. Note also that in the presence of statistically significant moderation effects in the model, the main effect does not represent the full impact of changes to survival duration associated with a change in the degree of network externalities.
We also examined the power of network externalities to explain the survival duration of pioneers by excluding network externalities and only retaining the main effects of the two product, the two firm characteristics and time (χ 2 = 9.78, df = 5, p <0.10). The difference in the model χ 2 statistic between this reduced model and the complete model (column 3 of Table 3 ), which includes network externalities and all the moderating effects is significant (χ 2 = 14.96, df = 5, p = 0.01). We also estimated a model retaining only the main effects of all explanatory variables, excluding all the moderating effects and found that the difference in the model χ 2 statistic between this reduced model and the complete model (column 3 of Table 3 ), which includes network externalities and all the moderating terms, is significant (χ 2 = 14.34, df = 4, p < .01). These results suggest that a model that includes network externalities and the moderating effects of product and firm characteristics provides a significantly improved explanation of pioneer survival over models that exclude network externalities and the moderating effects.
Robustness of Results
Definition of exit.
Not all pioneer failures we studied were unambiguous exits from the product market. In two cases (Aldus's desk top publishing software and Kurzweil Technology's flat bed scanner), other firms (Adobe and Xerox respectively) acquired the pioneer. In both these cases, we treated the exit as a censored exit. In eight other cases (e.g., mainframe computers, database software), the pioneer failed in the market it pioneered, but the related assets were taken over by another firm. The appropriate approach is to estimate a model of competing risks to determine the effects of covariates on the multiple types of exits (Allison 1995, p. 185) .
However, the small number (ten) of ambiguous exits precludes such an approach. Hence, we reestimated the model, excluding the ten pioneers (n=35) with ambiguous exits (column 1 of Table   4 ). The model χ 2 statistic is significant (χ 2 = 23.40, df =10, p < .01) and the scale parameter of the model is 0.65. The general pattern of results with this smaller sample is consistent with those obtained with the inclusion of the ambiguous exits.
---- Table 4 ----Censoring date. An assumption of duration models is that censoring is conditionally independent of the event and covariates. For our analysis, we use the full information in the data set and censored the survival of the pioneers in 2001. To explore whether the results were sensitive to the use of 2001 as the censoring date, we re-estimated the model with three different censoring dates: 1998, 1995 and 1992 (Table 4) . From the results in columns 2, 3 and 4 of Table 4 , we see that the general pattern of results with the different cutoff years is similar to those reported in Table 3 .
Sample. Even though our sample size compares well with past research (e.g., Chandy and Tellis 2000; Golder and Tellis 1993; 1997) , it is small and, therefore, we performed a bootstrap analysis to examine sensitivity of our results to sampling variations (Efron 1979) . We first generated a list of 50 random numbers (with replacement) from 1 to 45. We then estimated equation (1) 
Differential effects of direct and indirect network externalities. We conducted an exploratory investigation by estimating a model that includes direct and indirect network externalities separately and their interactions (not reported here). While the overall pattern of
results was similar to those obtained with the combined measure of network externalities, the effect of direct network externalities in that model was significant at p < 0.10 whereas the effect of indirect network externalities was not significant. This lack of statistical significance may perhaps be because neither direct nor indirect network externalities independently explains pioneering survival.
Academic expert ratings. In order to cross-validate our estimation results from the ratings of network externalities and radicalness of innovation from academic raters, we re-estimated equation (1) using network externalities and radicalness ratings obtained from student raters and managers and found results consistent with those reported here.
In sum, our results are robust to different definitions of exit, censoring dates and other threats to validity, including sampling variations and the use of raters. Standard, September 19, 1999) .
CONCLUSIONS
Contrary to conventional wisdom about pioneering advantages in networked markets, our results indicate that network externalities significantly decrease the survival duration of pioneers.
Increases in the marginal customer's utility over time, and the excess inertia of customers adopting new products both of which shorten pioneer survival, appear to outweigh the advantages associated with an installed base of customers that may prolong pioneer survival. In addition, the results of our analysis support a contingency-based framework of product and firm characteristics that moderate the effect of network externalities on the survival duration of pioneers. We next discuss the theoretical and managerial contributions of the paper, and conclude by identifying the limitations of the study and opportunities for further research.
Theoretical Contributions
The results of our study contribute to research in marketing strategy that explores market entry, network externalities, and high technology markets.
Market entry. Our study adds to the limited research (e.g., Golder and Tellis 1993;  Mitchell 1991) on the survival of pioneers. In particular, our finding that network externalities reduce the survival duration of pioneers challenges the proposed empirical generalization, "order of market entry is not related to long-term survival rates" (Kalyanaram, Robinson and Urban 1995; p. G218) . By including network externalities and two product characteristics, we clarify the role of product characteristics on the performance of pioneers addressing past calls for research on this issue (Kerin, Varadarajan and Peterson 1992; VanderWerf and Mahon 1997) . In addition, by studying office products and consumer durables, we address the calls to extend pioneering research beyond the traditional contexts of packaged goods, pharmaceuticals and the PIMS databases (Kalyanaram, Robinson and Urban 1995; Lieberman and Montgomery 1998) .
Network externalities. Extant theoretical literature in economics on network externalities
suggests that there are opposing processes of lock-in resulting in market power potentially aiding the survival of the pioneer (Choi 1994) and excess inertia that can hurt the pioneer's quest for survival (Farrell and Saloner 1986) . The results of the negative main effect of network externalities on survival duration of pioneers indicate that the negative excess inertia effects of network externalities outweigh its positive lock-in effects on the pioneer's survival duration.
However, the moderating effects of product and firm characteristics on the effect of network externalities on the survival of pioneers qualify the above story. Pioneers of more radical and technologically intensive products in networked markets, survive longer than those in less radical and less technologically intense products. Thus, it appears that while radical and technologically intensive product categories are risky for pioneers in networked markets (as evinced by the un-hypothesized negative main effects for radicalness and technological intensity in column 3 of Table 3 ), these characteristics also provide entry barriers mitigating that risk, enabling the pioneer to establish an installed base, wield market power, and secure long term survival.
Larger pioneering firm have access to complementary resources that allow them to establish an installed base and lock in customers to its product's network, positively influencing its long-term survival. For incumbent pioneers, increases in network externalities decrease the duration of pioneer survival-a finding consistent with past research on incumbents' inertia to invading innovations (e.g., Ghemawat 1991; Henderson 1993; Mitchell 1991) .
In sum, our findings indicate an interesting and complex interplay of product and firm characteristics that determine the effect of network externalities on pioneer survival. Through our empirical analysis, we were able to elucidate this interplay of factors, and explain the relationship between network externalities and market entry strategy (i.e., pioneering), thereby extending the literature on marketing strategy for firms in networked markets (Gupta, Jain, and Sawhney 1999; Padmanabhan, Rajiv and Srinivasan 1997) .
High technology markets. As the first reported empirical investigation of market entry in
high technology markets, this study addresses a call for more research on marketing strategy issues in such markets (John, Weiss and Dutta 1999 p. 78) . The un-hypothesized negative main effects of radicalness of innovation and technological intensity of products on pioneer survival indicate that although pioneers of radical and technologically intensive products face considerable risks, surprisingly, those risks are mitigated by the presence of network externalities. These findings point to the important role of product characteristics in determining the rewards to pioneering in such markets, and suggest that these variables should be considered in future theory development by strategy researchers in the domain.
Managerial Contributions
Our findings provide several specific managerial insights that we discuss next. First, network externalities have a strong negative effect on the survival duration of pioneers. This finding suggests that firms contemplating entry into such markets might consider taking a wait and see approach to launch, letting other firms pioneer, but be ready to enter quickly if the market begins to take off. Thus it pays to be patient, but watchful, in those markets. Indeed, in 12 of the 45 products we studied, the later entrant adopted standards set by the pioneer or an earlier entrant, piggybacking on those technological developments. The later entrant firm thus learns vicariously about the product-market before market entry, consistent with recent evidence for delaying new product entry (Narasimhan and Zhang 2000) .
However, not all pioneers in networked markets failed. In fact, the surviving pioneers had average market shares of 25%. Why do some pioneers survive and thrive while others fail? Our case histories suggest a possible explanation: a focus on marketing the networked utility of the product. The utility of a networked product to a customer derives from two sources. The first is intrinsic, or the stand-alone, utility of the product, independent of the number of other users of the product (e.g., using a personal computer as a stand-alone computing device). The second source is the networked utility because of other users in the physical (e.g., facsimile machine) or virtual network (e.g., personal computer, CD-audio player). Pioneers of products with network externalities must not only market their product but also develop, and market the product's network. Firms can build network utility in different ways, including (a) licensing the product to other manufacturers to quickly build a large installed base to reduce customer uncertainty, (b) promoting the development of complementary goods (e.g., CD music titles for CD audio players), and/or (c) ensuring backward compatibility with existing networks to reduce switching costs to the new network. Pioneers that focused on promoting and delivering network utility to customers survived, while firms (whether pioneers or later entrants) who focused only on the stand-alone utility tended to fail.
Consider Sony, which pioneered the CD-audio player in 1982. Sony worked extensively to get the CD format accepted by the music industry and entered into extensive licensing agreements for other firms to manufacture the CD-audio player. Sony also recognized that the availability of music titles on CDs was crucial for delivering utility to customers of the CD-audio player and leveraged its Columbia Records label and its collaboration with Philips' PolyGram Records, two of the world's largest music producers at that time, to ensure the availability of music titles on CDs. When Sony introduced its first CD-audio player the CDP 101, Columbia
Records simultaneously released the world's first fifty music CD titles. See Liebowitz and
Margolis (2001) 
Limitations and Further Research
This study has some limitations that present opportunities for further research. We focused on the survival duration of pioneers. In some situations, pioneers may survive for a long period, but not realize large market share or high profits. We used firm size as a surrogate for organizational resources, and did not measure the impact of specific resources (e.g., size of the business unit, marketing mix) on the survival duration of pioneers. Future research could investigate the effects of network externalities on other measures of pioneer performance such as market share and financial performance, and incorporate the effects of other resource characteristics of the pioneers.
We focused on the survival duration of pioneers, and not on the survivability of products.
Therefore, we restricted our attention to products that had mass-market acceptance. We were unable to collect data for eighteen products in smaller product markets (e.g., radar detector) for which historical records were sparse. Other researchers could extend our study to identify the pioneering rewards in a broader set of product categories.
Given the lack of objective measures for network externalities and radicalness of innovations, we used retrospective, subjective measures. With improved record keeping and contemporaneous accounts of new product innovations, future researchers could use measures that may not be subject to the possible hindsight biases of our subjective measures.
In addition, we focused on two product and two firm characteristics as moderators of the effect of network externalities on pioneer survival. A product characteristic that we did not consider is the appropriability of the innovation (Teece 1986) , the ability of the firm to collect rents for its innovation efforts. Appropriability in the product categories we studied is generally low, as few firms appeared to rely on the protection afforded by patents. Future research could investigate the effects of appropriability and other product and firm factors on the rewards to pioneers for products with network externalities.
In sum, we view this study as a useful base for further investigating the effects of network externalities on the performance of pioneering firms. We hope this research will stimulate future work in the area. Note: If the pioneering firm did not survive, and exit the market, then the figure in parenthesis in column 5 denotes the year the pioneer exit the market. If the pioneer has survived till 2001, then it is depicted in bold in the column 6. The year of entry of the later entrant, current market leader is denoted in parenthesis in column 6. * network externalities ratings provided by academic expert raters; scale ranges from 2 to 14. Let the time of failure, T, of a pioneer (from time of product introduction) be a random variable having a probability density function f(T=t), denoted as f(t), with cumulative density represented by F(t). Let h (t) > 0 be the likelihood that a pioneer fails at time T=t, given that it has not failed in the time interval [0, t). h(t) is referred to as the hazard function, i.e., the risk of a firm failing at any give time t, and is equal to )]
All pioneers face a base hazard representing the risk of failure under homogenous (average) conditions. Various covariates specific to each pioneering product (e.g., firm size, type of product and their interactions with network externalities) can increase or decrease the hazard (and consequently, the survival duration) of pioneers.
There are two main ways to estimate the effects of covariates on survival: (1) modeling their effect on the hazard using nonparametric models (e.g., Cox Proportional Hazards model) and (2) modeling their effect on the duration time using parametric models-the accelerated failure time models (AFT). The AFT models can accommodate several distributions-Gamma, Lognormal, Log-logistic, Weibull, or Exponential (a special case of Weibull)-for the hazard function. Because we wish to explore the specific form and shape of the hazard function underlying the survival of pioneers, we use the AFT model. The AFT method is well accepted in statistics, engineering and sociology (cf. Allison 1995; Kalbfleisch and Prentice 1980; Lawless 1982) , but has seen limited use in marketing (e.g., Bayus 1998; Manchanda, Dube, Goh and Chintagunta 2002).
We illustrate the AFT model with an example. Suppose there are two firms identical in all respects except for group membership (0 and i), then a firm in Group 0 with survival time t will have a survival time φt in Group i (i.e., S 0 (t) = S i (φt)). For example, if Group 0 consists of large firms and Group i consists of small firms, then we might expect φ < 1, i.e., pioneers in Group i have an accelerated failure time. The hazard functions for the two groups then share the following relationship: h i (t) = φh 0 (φt). When incorporating the effects of covariates, we will denote the hazard function as h(t,X), where X is a set of covariates. Further, if we specify that φ is determined by a set of covariates (φ = ), then the hazard function for firms in Group i (compared to firms in Group 0) for the AFT model is: 
Endnotes
i Early work in the area of network externalities (e.g., Coase 1960) focused on the linkages, largely negative between the users in a market (e.g., pollution, congestion) and its effects on market failures. Hence, some researchers (Liebowitz and Margolis 2001) use the term "network effects" to describe situations where there are linkages between users in the network to avoid the negative connotation associated with network externalities. We use the terms network externalities, network effects and networked markets interchangeably in this paper.
ii Network externalities may be positive or negative (e.g., congestion in telecommunication networks) and tangible or intangible (where the latter relate to the equity of well-established brands whose customers see benefits of reduced product uncertainty and peer approval through their large customer base). To provide focus, we only consider positive and tangible network externalities here.
iii We use the terms pioneer, pioneering firm and market pioneer interchangeably.
iv While the effects of firm characteristics may apply, to some extent, to all pioneers, the effects of firm size and incumbency are particularly important in products with network externalities, which are characterized by considerable uncertainty about the potential size of the network, the standard, and the availability of complementary and compatible goods.
v In a few cases (e.g., instant photography), the pioneer, Polaroid, is a single-product company, but in most other cases, the pioneers were multi-product firms with several business units. Where the pioneer is a multi-product firm, we measured the survival duration of the pioneer in the focal product that it pioneered (Mitchell 1991). In two cases (Aldus's desk top publishing software and Kurzweil Technology's flat bed scanner), the firms' pioneering innovation was acquired by another firm (Adobe and Xerox respectively). In both these cases, we treated the exit not as a failure, but as a censored exit. In eight other cases (e.g., mainframe computers, database software), the pioneering firm failed in the market it pioneered, but its assets were taken over by another firm. We coded these exits as failures. Subsequent analysis excluding these ten observations shows the robustness of our results to the ambiguity in the definition of exit.
